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ATRP: Atom transfer radical polymerization

MPC: 2-methacryloyloxyethyl phosphorylcholine

CBMA: AN-methacryloyloxyethyl N,A- dimethyl ammonium-a -A-methyl carboxylate
SBMA: [2-(methacryloyloxy) ethyl] dimethyl-(3-sulfopropyl) ammonium hydroxide
mOEGMA: Oligo(ethylene glycol) methyl ether methacrylate

TMAEMA: 2-trimethylammoniumethyl methacrylate

BMA: n-butyl methacrylate

DLC: Diamond-like carbon

PEOEVE: Poly (2-ethoxy- ethyl vinyl ether)

PTHFVE: Poly (te- trahydrofurfuryl vinyl ether)

PMe3A: Poly [2-{2-(2- methoxy-ethoxy) ethoxy} ethyl acrylate-co-butyl acrylate]
Alb: albumin

Lys: Lysozyme ( )

AFM: Atomic Force Microscopy

PMEA Poly(2-methoxyethyl acrylate)

PHEMA  Poly(hydroxyl-ethyl methacrylate)

MEA 2-methoxyethyl acrylate

HEMA Hydroxyl-ethyl methacrylate)

FIB: Fibrinogen

FINC: Fibronectin

VINC: Vitronectin

PMEM: Poly(2-methoxyethyl metacrylate)

QCM: Quartz Crystal Microbalance

QCM-D: Quartz Crystal Microbalance with dissipation monitoring system
PP: Polypropylene

PC: Polycarbonate

PET: Polyethylene terephthalate

B -TG: B -Thromboglobulin

TAT: Thrombin-Antithrombin Complex

ROMP: Ring opening metathesis polymerization

DSC: Differential scanning calorimetry

HUVEC: Human umbilical vein endothelial cells

IL-8: Interleukin 8

IPA: Ingenuity pathways analysis
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TCPS: Tissue culture-treated polystyrene
EMT: Epithelial-mesenchymal transition
hMSC: Human mesenchymal stem cells

PBT: Poly butylene terephthalate

PA: Polyamide
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24-26

H24- - -018
24 23 6 PVP/PSF 6
6 MEA/HEMA 5
FA7 FA9 FA12 Cilr Cls C3 C5 FHR1 FIBB FINC VINC GPX3 PLD5
25 FA7 FA9 Cls Cir
C3 FINC VINC FHR1 26
DLC
invitro

PTHFVE PEOEVE PMe3A

95%
n=10
ELISA

-30-




C-PET CTA PS PTFE PSF UHMWPE

€Y)
PVP PSF
PVP 0,1,5,9, 20, 33wth PHEMA
PMEA PTHFVE PEOEVE PMe3A MEA/HEMA
MEA/HEMA=25/75, 50/50, 75/

25

SUS SuS/
DLC SUS/Si-DLC SUS/30%F/DLC Co-Cr
Ni-Ti Ni-Ti Co-Cr
(3)PC

PC @ 33 mm
0.1 mm PTFE
4000 rpm
PHEMA PMEA PTHFVE PEOEVE PMe3A MEA/
HEMA 1
w/v% 100 pL PC 10
PC
4)
ERMA G-1-1000
XPS ESCA3200
SEM Au JEOL JSM-
5800LV
®)
15¢ cm
20 mL

37 1 /

-31 -



1 mM
PBS 5 20 ml
60
Corning Spin-X UF Cut Off =5
kDa
XL-Bradford
(©)

50 mM NH,HCO,

Protease Max Surfactant Trypsin
Gold 37 4
10% TFA 5
OMIX Tip C18
Speed Vac Savant 0.1%
TFA 2
LC-MS/MS 4
TMT Thermo Scientific
TMT 6plex
M
13

(8)LC-MS/NS

Thermo Scientific
LTQ/OrbiTrap /
Q-Exactive TMT /

TSQ Vantage SRM

ESI positive ion mode
Nano-LC HTC-PAL
ADVANCE NanoUPLC AMR

CERI L-Trap 0.3x
5mm, L-C18, 5mm, 12 nm  CERI
Micro L-C18 0.1 x 150 mm, 3 um, 12 nm

A 0.1% TFA B
300
nL/min 150

0-40%B/125 min - 40-
55%B/130 min — 100%B/135 min — 100%B/140
min — 0%B/150 min

L-column

(9)SRM

S-lens

(10)
T™T
Thermo Scientific
Proteome Discoverer
Mascot UniProtkB/
Swiss-Prot

i-RUBY
Xcalibur QUAN Browser
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(€D PC
PBS PC
XPS SEM
PBS
2
PVP PSF PMEA PHEMA MEA/HEMA
6
6
1
VTINC
FINC 2) Clr Cils
C3 C5 FHR1 3) FA7
FA9 FA12 FIBB 4)
GPX3 PLD5
2
2-1.
SRM
PMEA PHEMA MEA/HEMA
FA7 FA9 Cls FINC VTNC
PMEA Clr C3 FHR1

FA12 FIBB C5 GPX3 PLDS

2-2.
SUS Sus/
Si-DLC  C1

SUS SUS/DLC

F1BB FIBG
SUS
SUS/30%F/DLC Co-Cr Ni-Ti

SUS/30%F/DLC
C3 C4 CFAB VINC VWF

Ni-Ti

SUS/30%F/DLC=
Ni-Ti>Co-Cr>SUS/DLC>SUS/S1-DLC>SUS

€))
UHMWPE
PMe3A FINC
PMEA
PTHFVE
Clr Cls C3 FINC VINC
UHMWPE PHEMA
FINC ITAL 1/2
PEOEVE Clq
Cls C9 ITAL VTNC
FINC

PMEA=PTHFVE>>
PEOEVE>PHEMA>UHMWPE>>PMe3A

23
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in vivo

@

PMEA

PHEMA

PMEA

PMEA

PHEMA

PMEA

-50

invitro

PTHFVE PEOEVE PMe3A  PMEA
PTHFVE 42 . 4%
-7
PTHFVE
MEA BA
MEA/BA=30/70 PMe3A
0.008 g/g PMEA 0.042 g/g
PEOEVE
@
FINC VINC  GPVI
VTNC
PMPC
Mascot score
FINC
2
IgM Fc H Clq
Clr Cls
C2 C9
2 C3
C5
C6 C9
MASP MASP

-34-
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C4
C3 C5 C9

C1 C3 C5 MASP Mascot
score  Peptide count
Cir Cls C3 C5 PLD5
PMEA PMEA
PHEMA PVP PSF
4
MASP2
PMEA
MASP
GPX3
MEA/HEMA PVP
PSF 6
FHR1 4
PVP PSF MEA/HEMA
FA7 APOA
FA12
FA7  FAl12
PVP PSF
MEA/HEMA IL-1
FIBB
FA9  PVP PSF
MEA/HEMA
Mascot score Mascot score Peptide count

FA9
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ANT3 PLGB PLMN

PSF 2-2.
a A1AT
Mascot score Peptide count SUS Co-Cr Ni-Ti
KNG1 PSF3-5 in vivo
DLC
1990
©)) 2000
2-1. DLC
23
13 invitro
SRM DLC
0.9966 1.0000
DLC
DLC F-DLC
SUS  DLC
MEA/HEMA FA7 FA9 Cls
FINC VTNC
Cls VINC F-DLC  DLC
MEA/HEMA
in vitro
5
MEA/HEMA F-DLC
FA12 FIBB Cilr GPX3
MEA/HEMA
F-DLC
C3 C5 FHR1 PLD5
PMEA SUS/30%F/DLC

Cir C3 FHR1
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SUS  Co-Cr

SUS/DLC
SUS/Si-DLC
Co-Cr

Ni-Ti

30%F/DLC

SUS/30%F/ DLC

©))

PEOEVE PMe3A
UHMWPE

invitro

in vivo

SUS

DLC

SUS/

in vivo

PTHFVE

PMe3A

PMe3A

PMEA
BA

PMEA

-37-

PTHFVE  PMEA
PEOEVE

C1 C9
UHMWPE FINC VTNC

PEOEVE PMEA PTHFVE

PHEMA  UHMWPE
PMEA  PTHFVE

95%
n=10

ELISA

< >

DHaishima Y, IsamaK, Hasegawa C, Yuba T and
Matsuoka A. A development and biological
safety evalu- ation of novel PVC medical
devices with surface structures modified
by UV irradiation to suppress plasticizer
migration. J. Biomed. Mater. Res. Part A,
101:2630-2643 (2013).

2)Sawada R, Kono K, Isama K, Haishima Y and
Matsuoka A. Calcium-incorporated tita-
nium surface influence the osteogenic



differentiation of human mesenchymal stem

J. Biomed. Mater. Res. Part A,
101: 2573-2585 (2013).

3)Hoshino T, Narukawa Y, Haishima Y, Goda Y
and Kiuchi F.

cells.

Two new sulfated oleanan

saponins from Achyranthes root. J. Nat.
Med, 67:386- 389 (2013).
4) L] t] t] ’
, 131:50-57
(2013).

5)Haishima Y, Hasegawa C, Nomura Y, Kawakami
T, Yuba T, Shindo T, Sakaguchi K, Tanigawa
T, Inukai K, Takenouchi M,
Matsuoka A, Niimi S.

performance evaluation of a positive

Isama K,
Development and

reference material for hemolysis testing.
J. Biomed. Mater. Res. Part B, 102B:1809-
1816 (2014).

6)Haishima Y, Kawakami T, Hasegawa C, Tanoue
A, Yuba T, Isama K, Matsuoka A, Niimi S.
Screening study on hemolysis suppression
effect of an alternative plasticizer for
the development of a novel blood con-
tainer made of polyvinyl chloride. J.
Biomed. Mater. Res. Part B, 102B: 721-728
(2014).

7) 1

pp.3-21 (2014)
8)

TWins

132:16-18 (2014)
9)

33(1):56-63 (2015)
10)Haishima Y, Kawakami T, Fukui C, Tanoue A,
Yuba T, Ozono S,
Morikawa T, Takahashi M,

Kumada H, Inoue K,
Fujisawa A,
Yamasaki K, Nomura Y, lIsama K, Chung U,
Niimi S, Yoshida M.

Characterization of alternative plasti-

Ogawa K,

cizers in polyvinyl chloride sheets for
blood containers. J. Vinyl Add. Technol.,

in press (2015).

< >
1) 7
2012 5
2) 7
2012 9
3)
2012 2012 11
4)
DEHP

2012 2012 11
5)
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6)

)

8)

9

10)

11)

12)

2012 2012 11

2012 2012 11

2012 2012 11

DEHP

133 2013 3

12
2013 3

12
2013 3
Sawada R, Kono K, Isama K, Haishima Y, and
Matsuoka A. The effect of calcium-incor-
porated titanium surfaces on the
osteogenic differentiation of human
mesenchymal stem cells. International
Society for Stem Cell Research 11th Annual
Meeting (Jun., 2013 in Boston).

2 42
2013 7

13)

14)

35
2013 11
15)

Genapol X-080

35
2013 11
16)
35
2013 11
17)
18)
SAM
19)
(

-39 -

195)

PVP
35
2013 11

HEMA/MEA

PVC

35
2013 11

35
2013 11

50



2013 11
20)
27)
DEHP
DOTP !
134 2014 3
21)
28)
13 2014 3
22)Uematsu M, Haishima Y, Nakaoka R, Niimi
S, Segawa K, and Nakano T. A novel
evaluation methodology of materials for 29)
medical devices based on molecular
dynamics  simulation. The 15"
International Conference on Biomedical 36
Engineering (Dec., 2013 in Singapore).
23) 30)
54 2014 5
31)
24)
53
2014 6
25)
32)
36
2014 11
26)
33)

=40 -

DOTH
36
2014 11
DOTH/DINCH
PVC 36
2014 11
36
2014 11
RNA
2014
36
2014 11
PMEA
36
2014 11
DOTH/DINCH
PVC 36
2014 11
30 GMP



2015 3

34)0lsen DS, Lee M, Turley A, Sasaki S,
Yamasaki K, Fukui C, Nomura Y, Kato R, Yuba
T, Sakaguchi K, Haishima Y. Extractable
positive control for 1in vitro skin
irritation testing of medical devices.
54th Annual Meeting and ToxExpo (March
22-25, 2015, San Diego).

< >
1) 2013-104082 25 5 16

2)

2015-17514 2015 1
30
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24 26

24
(Ti) CHL
MPC
CHL
RAW264.7
CHL A549
PHEMA CHL
25 26
TAT B-TG SC5b-9
TAT B-TG
HEMA/MEA
HEMA/MEA MEA
TG PET PC

TAT B-TG
PMe3A PEOEVE PTHFVE

Ti

CHL A549 RAW264.7
A549

HEMA/MEA
HEMA/MEA

PC

TAT B-TG C5a SC5b-9
TAT B-

TAT B-TG

PHEMA PMe3A PTHFVE PMEA PEOEVE
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2-
methacryloyloxyethyl phosphorylcholine
polymer (MPC ) poly (2-
methoxyethyl acrylate) (PMEA)

(CHL)
24
CHL
A549
RAW 264.7
25
12 15

0213001 15 3

No.36

ISO 10993-4(1992) ISO/DIS
10993-4(2000) ASTM F756-93

24 3

0301 20

2002 ISO 10993-4
(Biological Evaluation of Medical Devices -

Part 4, Selection of Test for Interactions with

Blood ) 2006
Amendment
2009
24
20 ISO 10993-4(2002)

/Amd.1(2006) ASTM F756-08

NIH ASTM
MHLW 3

ISO
10993-4



ISO/TC194 WG9

24 20
8
5

13

ISO JIS

25
26
PC
- TAT

B- B-TG

- 44 -

SC5b-9

2-hydroxyethyl
methacrylate (HEMA) / 2-methoxyethyl
acrylate (MEA)
TAT
B-TG
C3a Cb5a
SC5b-9

poly 2-[2-(2-
methoxyethoxy)ethoxy]ethyl acrylate-co-butyl
acrylate (30:70 mol%) (PMe3A) poly (2-
ethoxyethyl vinyl ether) (PEOEVE) poly
(tetrahydrofuran-2-ylmethyl vinyl ether)

(PTHFVE) PHEMA PMEA
1) Ti
Ti 33.5mm@ x2mm
Ra=0.4
()
2) 2-Methacryloyloxyethyl phosphorylcholine
polymer MPC
MPC LIPIDURE"
() 6-well 96-well
Nunc
3)
Pre-coated PET 34 mm@
0.1mm H24
Polycarbonate PC 34 mm@
0.1lmm H25 26

2-hydroxyethyl methacrylate (HEMA) : 2-



methoxyethyl acrylate (MEA)= 100% : 0%

PHEMA  75%:25% H75M25 50%:

50% HS50MS0  25%:75% H25M75
0% :100% PMEA 5

HEMA/MEA
1
wt % MeOH 100pL
4000 rpm, 10 sec,
PC
Polyethylene
terephthalate PET
HMEA/MEA
HMEA/MEA
PC MilliQ 2uL
20
5 PBS
PBS 37
Milli
Q
poly 2-[2-(2-

methoxyethoxy)ethoxy|ethyl acrylate-co-butyl
acrylate (30:70 mol%) (PMe3A) poly (2-
ethoxyethyl vinyl ether) (PEOEVE) poly
(tetrahydrofuran-2-ylmethyl vinyl ether)
(PTHFVE) PC

HEMA/MEA PMe3A PEOEVE
PTHFVE

CHL
JCRB
American Type Culture Collection (ATCC)
(USA)
A549
JCRB

RAW264.7

International Alliance for NanoEHS
Harmonization (IANH)

CHL 10% heat-inactivated fetal
bovine serum ( FBS)  penicillin-
Minimum Eessential
37°C 5%

streptomycin

Medium (MEM) (GIBCO)

C0O,-95% air

A549 10% FBS 1% non-

essential amino acid (NEAA) (GIBCO)

MEM 37°C 5% C0O,-95% air
RAW264.7

10% FBS 2 mM L-glutamine

(GIBCO) penicillin-streptomycin

Dulbecco’s Modified Eagle Medium (DMEM)

(GIBCO) 37°C 5% CO,-95% air
3.
4
Ti
1)
35 mm@ IWAKI Ti
CHL 2 X
10* cells/ 2 mL 4
2)
100 CHL 35
mmaq Ti
35 mme@
5 7
3) in vitro
CHL 35 mm@
Ti 35 mm@

3 x 10* cells/ 2 mL



48

C MMC Kyowa Hakko Kirin

.MPC
1)

6-well MPC
RAW264.7
mL 1

CHL A549
2 x 10* cells/ 2

Nunc 6-well
2) ATP
CHL 10 x 10* cells/ well ~ A549
0.5 x 10* cells/ well RAW264.7
10 x 10* cells/ well 96-well MPC
24

24
CellTiter-Glo®
Luminescent Cell Viability Assay ATP
, Promega
45 90
Nunc 96-well
3) in vitro
CHL A549
Nunc
3 x 10* cells/ 2 mL
48

6-well MPC

MMC

.HMEA/MEA

1)
6-well Costar 5
HEMA/MEA
uv 5 min x 2 PBS
MEM 3 mL/ well
CO,
3
SEM
2)
6-well 5
HEMA/MEA
uv Sminx 2
3 mL
6-well
CHL 3 x
10° cells/ 3 mL
6-
well
Costar 6-well
3
SEM
1)
6-well HMEA/MEA
uv 5
min x 2 3mL
6-well
CHL 3 x 10 cells/ 3 mL
6-well 30
CO,
4
Costar 6-well
1)
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21G

5mL

30 mL

final 2 U/ mL

2)
3 4
15 mL

6 mL 6 cm®>/ 1 mL

37

2 60 rpm

15

Polyethylene terephthalate PET
SUMILON

polypropylene PP
bind SARSTEDT

PP-low bind
3)

14

CTAD

Corning
PP-low

citrate,

theophylline, adenosine and dipyridamole

BD

Futhan Nafamostat Mesilate

pg/mL EDTA-2K

-30

4)

7:1
750xg 5

final 5

14

PBS

- 47 -

PBS
540nm

MHLW

%

x 100
5)
TAT
ELISA
micro SIEMENS
6)
B-TG
ELISA
Roche

)

C3a C5a SC5b-9

/ EDTA-2K

MicroVue C3a plus EIA Kit
C5a MicroVue C5a EIA Kit

10 576
ASTM

NIH

TAT

CTAD
B-TG TMB

ELISA
C3a
QUIDEL
QUIDEL

SC5b-9 MicroVue SC5b-9 plus EIA Kit

QUIDEL

5)~7) ELISA



Ti
Ti CHL
1
Ti
2 ICsy
CdSO, 4.5 uM (control) 7.3
uM (Ti) ZnO 14.2 pg/mL
(control) 15.5 pg/mL (Ti)
3 CHL

(MN-total)
0.9% (control), 1.2% (Ti) MMC
26.3% (control), 26.3% (Ti)

M (MP)
(Multi-N) (TF-N)
MMC
.MPC
MPC CHL, A549, RAW264.7
CHL
D%, Bt~ EEOMIEN G2 H AT
4
3~4
5
A549 RAW264.7

-48 -

6,8 A549
4 7  RAW264.7
9 MPC
CdSO4 ZnO
2
CdSO, CHL A549
MPC
ZnO A549
MPC
CHL A549 MPC
10
(MN-total) CHL
0.9% (control), 1.4% (MPC)
MMC (0.1 pg/mL, 48h) 10.4% (control),

10.1% (MPC) A549
2.6% (control), 3.3% (MPC) MMC
pg/mL, 48h) 5.6% (control), 8.5% (MPC)

0.1

3 MP Multi-N  TF-N
MMC

.HEMA/MEA

1)
6-well 5
HEMA/MEA
uv

PBS MEM

SEM PHEMA

PBS MEM

(data not shown)
2)
HEMA/MEA CHL

PHEMA



HEMA/MEA 6-
well

(data not shown)

PHEMA
H75M25
H25M75 PMEA
PHEMA
3)
PHEMA 4 HEMA/MEA
CHL
CHL
6-well
30
CO,
6-well
11
2-3
6-well
5-10%
25
PET PC
PHEMA PMEA MPC
0
2

=49 -

TAT

B-
TG
C3a C5Sa SC5b-9
.PC
26 PC
Polyethylene terephthalate PET
polypropylene PP PP-low protein
bind tube
1 2 4
0
TAT B-TG SC5b-9
2%
data
not shown  TAT PET PP-low bind

15
PC
PP-low bind 4
1 2
3
4 PP
PC
B-TG PET PP PP-low bind
16
B-TG 1
0



PET

PC
3
4 PC
3
PET

PP PP-low bind

SC5b-9 B-TG
PET PP PP-low bind

17  SC5b-9
PC
PET
4 PP 2
4 PP-low
bind 4
PC
PP low-bind
2
SC5b-9
C3a
C5a
HEMA/MEA
HEMA/MEA
18 HEMA/MEA
PBS

PBS PHEMA

H75M25 HS50M50 H25M75

-B0 -

PMEA

TAT
B-TG
C3a C5a SC5b-9

2%

data not shown

TAT PHEMA
HEMA/MEA
19 PHEMA

TAT

B-TG
MEA

HEMA/MEA

20
H75M25 PMEA
2

H50M50

B-TG
C3a 5
HEMA/MEA
21 2

C3a
HEMA/MEA

C5a

MEA

22  C5a
PC

PHEMA

C5a
SC5b-9 1/40—~1/80
2

HEMA/MEA

SC5b-9
HEMA/MEA

C5a
MEA

23 2

MEA

C3a



TG C3a SC5b-9

C3a CS5a SCS5b-
9
HEMA/MEA C5a SCS5b-9

C3a

PHEMA PMEA PMe3A PEOEVE
PTHFVE

TAT B-TG
4
2%

data not shown

TAT PET PHEMA PC PMe3A
PTHFVE PMEA PEOEVE
24 B-TG
PC PET PHEMA PMe3A PTHFVE
PMEA PEOEVE 25
5
TAT B-TG PHEMA PMe3A
PTHFVE PMEA PEOEVE
PMe3A PTHFVE PMEA PEOEVE
Ti
Ti
Ti CHL

Ti

Ti

CdSO; ZnO
1Cs0

MMC
Ti

.MPC

MPC CHL A549
RAW264.7

CHL
A549
RAW 264.7

CHL

BH S T~ EE oM 5 e D A

3~4
A549  RAW264.7
RAW264.7
A549 4
RAW264.7

MPC



A549
A549
MPC
3 MPC
CHL
A549
MPC
MPC
MPC
CdSO; ZnO
.HEMA/MEA
HEMA/MEA
PHEMA HEMA/MEA
CHL
CHL
6-well
30
CO,

-52-

6-well
HEMA/MEA

25

TAT

FPA B-TG PF4 (C3a C5a SC5b-9
ELISA

14

CTAD
EDTA Futhan

ELISA

ELISA

.PC

PC

protein bind tube

PET PP

1

2 4
PP low-bind

PP-low



SC5b-9

C3a C5a
HEMA/MEA
HEMA/MEA
TAT

B-TG C3a CS5a SC5b-9
TAT B-TG C5Sa

SC5b-9 HEMA/MEA
MEA
6
MEA HEMA
TAT B-TG
PET
PC
C3a C5a
SC5b-9
PET
PC HEMA/MEA
TAT B-TG
B-TG HEMA/MEA
H50M50 H25M75
PMEA B-TG

-53-

PMe3A PEOEVE PTHFVE
PMEA PMe3A
(2-methoxyethoxy)ethoxy]ethyl acrylate
(30:70 mol%)
PMEA
vinyl ether
PMe3A PEOEVE

2-[2-
n-

butyl acrylate

PEOEVE PTHFVE

PTHFVE
TAT B-TG
PHEMA PMe3A
PTHFVE PMEA PEOEVE
PMe3A PTHFVE PMEA
PEOEVE

PEOEVE = PMEA > PTHFVE > PMe3A >

PHEMA PMEA PEOEVE
PEOEVE
PMEA
PMEA PEOEVE
H25
26
C3a C5a SC5b-9 HEMA/MEA
TAT
FPA B-TG
PF4
in
vitro 15mL
6 mL
B-TG



C3a C5a

B-TG

in vitro

24

Ti
CHL

2
MMC
HEMA/MEA
2 MPC
CHL, A549, RAW264.7
CHL
3~4
A549
RAW264.7
RAW264.7
A549
4
CdSO; ZnO
CHL A549
CdSO, MPC
RAW264.7
ZnO A549
RAW264.7 MPC
A549 24 RAW264.7
6
CHL, A549
MMC
3 HEMA/MEA
HEMA/MEA PHEMA 4
CHL
Ti 6-well
HEMA/MEA
CdSO, ZnO

-54 -



25 26
1) PC
PC
TAT B-TG SC5b-9
TAT B-TG
SC5b-9 TAT -
TG PC
2) HEMA/MEA
HEMA/MEA
TAT B-TG C3a
C5a SC5b-9
TAT B-TG C5a SC5b-9
HEMA/MEA MEA
TAT B-TG
PET PC
C3a C5a SC5b-9
TAT B-TG
3)

PMe3A PEOEVE PTHFVE

TAT B-TG
PHEMA
PMe3A PTHFVE PMEA PEOEVE

-55-

PEOEVE = PMEA > PTHFVE > PMe3A >
PHEMA

1) Miyajima-Tabata A., Sakai K., Kato R.,
Matsuoka A.: Studies on cytotoxicity and
genotoxicity in CHL cells cultured on MPC
polymers., Eurotox 2012 (Stockholm, 2012.6)
2) Kubo T., Hori T., Kuroda Y., Hojyo M.,
Miyajima A., Sunouchi M., Anne Corlu A.,
Morel F., Ozawa S., Sekino Y., Ishida S. :
Comparative analyses of genomic DNA

methylation and gene expression in hepatic

cells. 27
2012.11
3)
2012
2012.11

4) Miyajima-Tabata A., Kato R., Sakai K.,
Matsuoka A.: Effects of culture on polymer
biomaterials on the cellular responses to
chemicals. Eurotox 2013 (Interlaken, 2013.9)



3)

35
2013.11
6)
35
2013.11
7)
T
27 ( 2014.2)

8) Miyajima-Tabata A., Kato R., Komoriya K.,
Niimi S.: Cellular response of THP-1 cells
cultured on the polymer biomaterials. Eurotox
2014 (Edinburgh, 2014.9)

9)
HEMA/MEA
36
2014.11
10)
36
2014.11

11) Miyajima-Tabata A., Kawakami T.,
Komoriya K., Kato R., Niimi S., [sama K
Effects of metal oxide nanomaterials on
cytotoxicity and immune response in THP-1
cells. The 54nd Annual Meeting of the Society
of Toxicology (San Diego, 2015.3)

G
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1000

Cell Number (x104/ dish)

0 1 2 3 4
days

E1 Ti 7L—bLETHEEL-CHLAR DS

control

B2 Ti 7L—hkLETOCHLAOO=—5ER
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125 125
Cdsa, R — Zn0 —o— ot
==~ Ti disc =T disc
100 ¢4 100 ?
L] ==
9 \ g L,
Tg” 75 = f_;E 75 ,\
£ \* € \\
= . = N
@57 % w50 A
'|. ‘\
25 ; 25
I:| 5
]
i
0 1 ] 0
0 5 10 15 20 25 0 5 10 15 20 25
HM pg/mL
IC5, (Colony formation)
CdS0,; 4.5 uM (control), 7.3 uM (T), Zn0; 14.2 pg/mLicontrol, 15.5 pg/mL (TD
E3 Ti 7L—rLETOCHLMMEaO=—ER
#1 Ti 7L—FLETO CHLEAMR /%I ER
micronucleus (%)
(u g/mL) MN-2 MN-3  Multi-MN  MN-total MP Multi-N  TF-N
Control 48 h 0.6 0.2 0 0.9 3.0 0.0 0.0
Ti 48 h 0.8 0.2 0.2 1.2 2.2 0.2 0.2
Control 48h MMC 0.2 7.4 2.8 16.1 26.3 1.8 3.4 1.8
Ti 48h MMC 0.2 5.6 1.7 16.0 23.3 1.7 2.9 3.0

MM-2; 110-1/3 micronucleus, MN-3; 1/3-1/2 micronucleus, Multi-MN; multi micronucleus,
MP; metaphasze, Multi-M; multi nucleus, TF-N; transformed nucleus
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1day 2days 4days Tdays

B4 MPCRY 7—a—r 7L —r Lt THEEL-CHL{ER

1000

100

10

Cell nunber (x10% well)

days

BE5 MPCHRY) T—a—rJL—+ L TIEEL/-CHLAR ) 18 hEh {3
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E6 MPCHR)v—a—r 7L —h L TIEEL1-A5494018

1000

]

=

g 100

X

8

=

2 10 ——=A

T g

(@]
== control
=l MPC

D 1 2 8 4 5 & 7
days

7 MPCARYT—a—hr 7L —k L TIEEL-A5494018 D HERERE {57
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iday Tdays

4days
- - - -
- - - - -

B8 MPCH!) v —a—hr 7L —hk L THEELT-RAW264.748

1000

100

ik
o

Cell Number (x 104/ well)

days

E9 MPCRY ¥—a—+rJL—h L TEEL-RAW264. 74 D IETE R 1

-61 -



#£2 MPCHRYT—a—+rJL—kLEIZBITAMBEED S

CdS0, IC., (M) (24h) Zn0 IC, (pg/mL) (24h)
Cell line Control MPC Control MPC
CHL 14.4 << 44.3 16.0 < 24.3
A549 70.9 <= 96.1 3.6 == 1786
RAW 264.7 12.5 < 177 10.7 = 6.1
control MMC (0.1ug/mL, 48h)

]

g

¢l

(o))

ﬂ-

Lo

<L

(X 20)

B10 CHLAAM B U AS404IRA 1= & A/ 5t BR



£3 MPCHRYT—a—rFL—rLIZBITACHLIMER R A4 D /NEERER O He

micronucleus (%)

Call line {pg/mil MN-2 MN-3  Multi-MN  MN-total MP Mutti-N TF-N
CHL Control 48 h 04 05 0o 09 28 1] 01
48h  MMC 002 18 03 032 27 13 0.1 03

43h MMC 01 45 14 45 0.4 21 13 12

MPC 48 h 04 0.8 02 14 19 o1 04

48h  MMC 002 1.6 14 0.2 33 16 0.3 02

48h MMC 01 5.0 1.0 41 101 16 LLE:] 16

AS40 Control 48 h 0.8 03 i2 28 16 04 12
48h MMC 002 18 13 10 a1 035 [LF] 13

48h  MMC D1 1.6 o7 33 58 04 [1X:] 16

MPC 48 h 07 1.2 i4 33 12 03 03

43h MMC 0.02 13 11 29 33 0.3 0.3 26

48h  MMC 01 18 18 49 8.3 0.2 1.3 8.0

MM-2; 1/10-1/3 micronucleus, MN-3; 1/3-1/2 micronucisus, Mult-MN; multi micronucksus.
MP; metaphaszs, Mult-N; mult nucleus, TF-N; transformed nucleus

1000

100

“B-PMEAZ25%: PHEMATS%:

=8 PMEASIR: PHEMASD%

~#-PMEATS%: PHEMAZS%

=8=pEAT 0% PHEMAD®:
no coat (PET)

=B=5 well plate

—_
=

Cell number (x10%cell/ sheet)

Bd11 HEMA/MEAQ—FPETS —hk E TOCHLIE 1 FEh 5

-63 -



[(REBHAFS14)

B
JJERBROEE WA REFH - HDECENFNR EERHBOEENEISIOVTY
(FH15%20138 RRME02130018 H)
FEfFrNZ2tRBOLFNEAMTISERAIOVT
(FR15F30 100 EREREEN 30 BHRH)
31 Ak 150 10993-4(1992), ISOIDIS 10993-4(2000), ASTM F756-03

sBiological Evaluation of Medical Devices - Part 4
Selection of Test for Interactions with Blood
IS0 108934, October 15, 2002
AMENDMENT 1, July 15, 2006

1

2009F L YT RS

JJERBRONEREREFHG DECEDENTEAFEOEFNERFIIOVTY
(FE24FIA1E RAMS01H205 )
B AR 150 10993-4(2002) /Amd.1{2006), ASTM F756-08

E12 miEES s ERICEE T SEA

HEEH FHERE
1| dokefis Ak T RS

? | LEEE kOE RO i
Bt (TAT)

Fa TS RTRAFA (FPA)

HorOLHETSAF
f&l (PTT

3 (/iR v B

/e ET 8 -FO
mAaF), (B-TGH

/R EAE T (PF4)

4 (MHESHHEE (€M (CBC)

e
5 R W EIEIEED (C3a)
i EIELEY (C5a) [ERESONEERREPES L ELEY
S EEOERNELAIZOLT)
fi A AL EY (SC56-9) (ERWF001H02 FHAS3[1H) &Y

H13 miEESEREICH T AREMNLHEER



EbZ@ (~) 2 U/mLES L) SHERH (6 om? /ImLINEE )%, 37°C. 2F:fE. &
IZIEB (60 rpm . EREBEBIZELTMHES YT,

!

!

v

v

FmE HIUBRE CTAD=inE | EDTA, Futhantinzs
B I S e ST EANDe (FILE CTADS #tube (BD Futhan{final Sug/mL )&
(8T —5c) ASGT R ST (R Vacutainer CTAD) (#H) iz

PESRIZER AL
mEETITH D

Az LT LE A,
WP REL. kP,
SminkiR .

1,500 x gT15min ., iR

1 e e S T -
IZIREFL. &, 15mniE.
2 500 x g T=20min., Al
. EMOpESLTIGETR

EDTA-ZK & #tube (F LB~/
Lxhll EDTA-2K) (A=,
T E AR, BT
RRL. P, SminiHE.

1,500 x g T15min., Ml .
TR, . ERESEL. -30C WL -30°CHE. EMESRL. -30CRE.
750 x gTSmin, A& RE.
HROL, LRE
S ; -
PESTI0AREL. i ;% 58 B E R EF HEiERAER
576, 540nmd g - 3
REEHE. L fﬁa mf A l
ELISAZEIZ &L ELISARIZ LY ELISAZIZEY
TATEBE. B-TGEME. ;3‘%- Coa. SCie-8E
A CTAD: cirabe, heophyiine, adenczine and dipyridamoie (& EWROW)
= Fthar: Martamostat Mesial (M S EHWE]

CAETMGE DS E-MNEE NHRETHL 2 BARS, MHUWETIRBES, 2 LFFRmE. SN

14 iEE S 53R D RTE 7 & D BiEs

I B E (TAT)
15000
10000
-
E
5
N . ] _IJ |
- -+ -+ -+ -+ -+ -+ -+ -+ -+ pc
o 1 2 4 1 2 4 1 2 4 (hr)
PET PP PP-low bind

15 MEESEAROABREGORE DARERTAT)



ng/mL

/MR (B-TG)

15000

10000
5000 i‘
0 I

-4+ -+ -+ PC

IU/mL

4 (hn)
PET PP PP-low bind
16 mEESHABROHABREHORST m/NR(B-TG)
&R (SC5b-9)
3000
2000
mm J J |> | I J
-+ -+ -+ -+ -+ -+ -
0 1 2 4 1 2 4 1 2 4 (hr)
PET PP PP-low bind

E17 mAEESEHABORABEHDRET #AR(SC5b-9)
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100
90 O szm

=] [] PBSiZHA
80
70 |
60

50 t

40 1
30 t
20 t
101

FIME  PHEMA  H75M25 HS50M50 H25M75  PMEA

A" ]
i

E18 E&HDEEAHEMA/MEAOR)Y—a—rPCo— D EfA

& 5EE (TAT)
1500
1000
E
':‘:ch #
500 T :
0 A
S & & &£ Qf’ﬁ & &

19 B&SLLDEGAHEMA/MEAIZ &AM EEER(TAT)DE L

Valures are expressed as mean £ SD (n=4). Significant differences versus no sheet
are shown as *p < 0.05, **p < 0.01 and PC are shown as #p < 0.05, #p < 0.01.
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/iR (B-TG)
8000

6000

1U/mL

4000

2000

& & & F & &
< &g ¢ @dyqﬂ& & & &

H20 BE&HLDEGLSHEMA/MEAIZEAM/NME(B -TG)DEMHE

#ER (C3a)

ng/mL

&° PR & 5,\9‘*’ ﬁ,e‘* %ﬁ;s" &

21 RBEHOELEHHEMAMEAIZ LA AR(C3a)DFMHIE

Valures are expressed as mean £ SD (n=4). Significant differences versus no sheet
are shown as *p < 0.05 and PC are shown as #p < 0.05, #p < 0.01.
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ik F (csa)

30

| IH\IIH

u*‘és & € @3“’5@9 &Qf Q*‘

.:.o

ng/mL

X222 REHDELGTHHEMA/MEAIZ XS A R(Coa)DEEIE

##H{EFR (sC5b-9)

3000

2000

o iIIJIIIt

& & &@?éﬁ@‘z‘@@g\&

ng/mL

H23 B&HDRELZHHEMA/MEAIZ LS {AR(SCob-9)DEEL

Valures are expressed as mean £ SD (n=4). Significant differences versus no shee
are shown as *p < 0.05, **p < 0.01 and PC are shown as #p < 0.05, #p < 0.01.
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i % % E (TAT)
1000

800

suﬂ T x

““J. al

24 FERM B KD MEEER(TAT)O E 1L ST

ng/mL
o
S —
“ -
v I
s
m

/i (B-TG)
8000
6000
E
S 4000
) I I I i I r
u - I '
¢ afs?‘ é
e ¢o Q q@oé Q"

K25 FRMAEILAM/MR(B-TQD EEIL ST

Valures are expressed as mean £ SD (n=4). Significant differences versus no sheet
are shown as *p < 0.05 and PC are shown as #p < 0.05.

-70 -



H24 MEA

HEMA (hMSC)
hMSC
hMSC
H25
THP-1 PMEA PHEMA THP-1
THP-
PMEA PHEMA
H26
THP-1 (CD54:1CAM-1, CD86: B7-2) PMEA PHEMA
PMe3A PTHFVE PEOEVE
THP-1 24 CD86
CD54
IL-8 THP-1

PHEMA > PTHFVE > PMEA >> PEOEVE >> PMe3A
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PMEA

PHEMA

MEA

(hMSC)

H25
PMEA

THP-1
ICAM-1
PMEA

THP-1
THP-
H26
CD54
CD86 (B7-2)
PHEMA

PHEMA

PMEA

H24
HEMA

hMSC

THP-1
PHEMA

PMe3A PTHFVE
PEOEVE
THP-1

hMSC 0.075mm, 35
mm Pre-coated
PET PET
(THP-1 ) 0.1 mm, 35 mm
Pre-coated
PC

Poly (2-methoxyethyl ac-
rylate) (PMEA) Poly (2-hydroxy ethyl
methacrylate)(PHEMA)

MEA/HEMA
100:0, 75:25, 50:50, 25:75 w/w%
Poly [2-{2-(2- methoxy-ethoxy) ethoxy} ethyl
acrylate-co-butyl acrylate] (PMe3A), Poly (te-
trahydrofurfuryl vinyl ether) (PTHFVE)
Poly (2-ethoxy- ethyl vinyl ether) (PEOEVE)
2.
hMSC 1 wiv%
MEA/HEMA
PET

KYOWARIKEN

K-359SD- 1 SPINNER

125 ul
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3 (Step1: 500 rpm, 5 sec, Step2:
2,000 rpm, 10 sec, Step3: 4,000 rpm, 5 sec)

PMEA  PHEAM
75:25, 50:50, 25:75 w/w%
M100, M75H25, M50H50, M25H75

100:0,

THP-1
PTFE
PC
4,000 rpm

1 wiv%

PHEMA

PMEA

100 pl 4,000 rpm, 10 sec

(hMSC; LONZA) 6
well, cell culture plate (TCPS; Costar)
TCPS
Mesenchymal Stem Cell Basal
Medium (MSCBM; LONZA)

Mesenchymal Stem Cell Growth Supplement

(MSCGS; Lonza)
MSCGM
1 x10°
/3 ml 5% CO, 37

THP-1(Human acute monocytic leukemia

) 10%FBS/

0.05mM
RPMI1640
6 well, cell culture plate (TCPS;
Costar) TCPS
RPMI1640

THP-1 5 x10° /2 ml
5% CO, 370 —~
4.
(LEICA DM IL; Laica)
5.
hMSC

PBS 6
Buffer (Gibco)
Cell Disscociation Buffer 10

Cell Disscociation

PBS 3
THP-1 15ml
10 ml PBS
Iml PBS
1.5ml

Complete Protease inhibitor Cocktail

(Roche) Protein Extraction Reagent type
4 (SIGMA)
2D clean-Up Kit (GE Healthcare)
Protein
Extraction Reagent type 4
2D-Quant (GE Healthcare)
-80
6. MS
40 pg (hMSC) 10 pg (THP-1)
( )
( ) 50

mM NH4HCO; (hMSC: 86.2 nl, THP-1:77.2
pl)  ProteaseMax Surfactant (1%, 5 pl;

Promega) Trypsin Gold (1 mg/ml, 1.8 pl;
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Promega) 37
10%
(TFA) 5.25 pl 5

OMIX Tip (C18, 100 upl ~ VARIAN )
Speed Vac (Savant)
0.2 pg/pl TFA
2%
LC-MS/MS 4
7. LC-MS/MS

LTQ/Orbitrap XL(Thermo Scientific)
Tyrosine-1,3,6-Standard (CS Bio
Co.)
Nano-LC HTC-PAL
CTC Analytics
ADVANCE NanoUPLC AMR

L-Trap (0.3 x 5 mm,
L-C18, 5 mm, 12 nm; CERI) L-column Micro
L-C18 0.1 x 150 mm, 3 pm, 12 nm; CERI
AMR  ABIRD
Captive Spray (AMR)
ESI positive ion mode
( 1.6 kV)
(MS ) FT analyzer (
30,000; m/z 300-1,400;
Lock mass =

; Profile mode)

XCalibur data dependent mode

MS/MS (CID,

Normalized collision energy 35 kV, Activation

time 300 ms, Dynamic exclusion duration 60 s,

Centroid mode) 150
1

MS/MS

Nano-LC A (0.1%

) B ( )

300 nl/min (1.0
Hg )
150

0-40%B/125 min — 40-55%B/130
min — 100%B/135 min — 100%B/140 min —
0%B/ 150 min

2 n=2
MS
Reject Mass List (8 )
Method File 2
MS/MS
8.
8-1. Reject Mass List
LC-MS/MS MS
Proteome Discoverer vl.3
(PD1.3) Thermo Scientific Mascot
Work Flow/UniPort/Swiss-Prot
Reject Mass List
hMSC
+1 THP-1 +5

8-2.
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hMSC
i-RUBY
LC-MS/MS
MS ( n=2x2)
Mascot/
UniPort/Swiss-Prot
MS/MS
THP-1
SIEVE2.0 Thermo
Scientific LC-MS/MS
MS
m/z
PD1.3
8-3.

Ingenuity Pathway Analysis (IPA)

9. THP-1 Human Cell
Line Activation Test(h-CLAT )
24 48 2 ml
I ml FACS Buffer
(F.B.:0.1% BSA PBS) 2
600 ul  0.01 % Y
PBS 40 15 FcR
120 pl  FE.B.
1.5ml 3 40 pl
10 pl
30 FITC

anti-human CD54 (clone: 6.5BS5,
DAKO ) 3/5 : anti-human CD86
(clone: Fun-1, BD PharMingen ) 3/10

mouse IgG1l (clone; DAK-GO1, DAKO )
3/10

200 ul  EB. 2
400 pl F.B. 2.5
pug/ml PI 5 Flow

Cytometry (FACS Calibur Cell Quest, Becton
Dickinson )
Propidium Iodide (PI)

10,000
FACS PI
50%
CD54 CD86
(Relative
fluorescence intensity (RFI))
RFI(%) =
MFI - isotype
control  MFI /(TCPS
MFI - TCPS isotype
control ~ MFI )x 100

MEFI = Geometric Mean fluorescence intensity

h-CLAT

CD54 RFI = 200, CD86 RFI =

150
3 2
CD54 CDg6
10. IL-8
IL-8 ELISA kit Human

IL-8 invitrogen
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11.
hMSC LONZA MSO0HS0 2

THP-1 PET M75H25
M100 TCPS
C.
H24 PET
MEA/HEMA
hMSC  TCPS
24
48
IPA M100 PET, M75H25
TCPS 2 MS50HS0
1/2 TCPS
M100
TCPS
M100
TCPS
PET M75H25
M100 CD44
Ena/VASP
Vasodilator-stimulated
phosphoprotein ~ Protein enabled homolog TCPS
MS50HS50
MS50HS50 TCPS
Protein enabled homolog
PET M75H25

TCPS
PET M75H25
M100 TCPS
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M100
PET, M75H25 MS50H50
MS50HS50
H25 PMEA PHEMA
THP-1 48
TCPS THP-1
PC THP-1
PC
TCPS THP-1
PC THP-1
PMEA THP-1
PHMEA
THP-1
von
Willebrand factor
vV, V11 PC
THP-1
IPA PC
THP-1
PHMEA

THP-1

PMEA
Fibrinogen
silencer binding protein PC
THP-1
C Protein
Z dependent protease inhibitor PC
PHEMA THP-1

Plasminogen

activator inhibitor 1 RNA_binding protein

PC PC
THP-1
CIQBP
| PMEA
PHMEA
THP-1

High mobility
group proteinl (HMGBI1)
PC
THP-1

Tumor necrosis
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factor

like receptor-3,-7,-8

PC

A
C PC
THP-1
THP-1
PC THP-1
TCPS THP-1
PMEA PHEMA
PC THP-1
LFA-1 VLA+4
PC
H26 24
PC THP-1
THP-1

Toll

TCPS

PC

PC

CDg6
48

48
THP-1
PC

THP-1

TCPS
24
150 %
CD54

200 24

1 PMe3A

PEOEVE 2

PMe3A 3
3
48

PHEMA
24

12 PEOEVE: 7 PC: 4

PC 3

PC 2
3 PTHFVE
48
PMEA 3
PTHFVE 2 PEOEVE
PHEMA 24
1 200
IL-8 24
TCPS

PMEA

PMe3A:
PMEA:

4 PTHFVE: 3 48

TCPS
49  PEOEVE:

PMe3A:

23 PC: 10 PMEA:

13 PTHFVE: 8

D.
H24 TCPS
hMSC
2 172
PET M75H75
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MI100

1570
411
MS0HS50
MI100
MSOHS50 2
TCPS

MI100

1544 M100
HEMA
TCPS
PHEMA
PMEA
MI100 MEA  HEMA
372 PMEA
hMSC
MEA/HEMA
2
MS0HS50
PHEMA
hMSC
H25 48 THP-1
TCPS
PC
THP-1
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THP-1 PC
THP-1
TCPS
PMEA PHEMA
H24
(2)
HMGBI
THP-1
TCPS
THP-1
PC
3.09
THP-1
PMEA ( 081
PHEMA

PMEA PHEMA
PMEA
PMEA
PHEMA
PMEA TCPS
PHEMA
H26
THP-1
THP-1
1n vitro
Human Cell Line Activation Test
(h-CLAT )
THP-1
THP-1
CD54 CD86
THP-1
THP-1 CD54 CD86
IL-8
h-CLAT 24
24
48
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CDg6 24 48 H26

150 %
CD54 24 PMEA=PTHEVE>PEOEVE>PHEMA>>PMe3
PC PMe3A PEOEVE A PMEA PHEMA
3 2
h-CLAT
PMe3A 3
PC
48 PHEMA
IL-8
24 E.
CD54 48 H24 PMEA/PHEMA
48
IL-8
hMSC
IL-8 CD54
CD54 H25 PMEA PHEMA
PMEA
H26
THP-1
PHEMA > PTHFVE > PMEA >>
PEOEVE >> PMe3A
PC
CD86 F.
PHEMA THP-1 1.
1) Miyajima-Tabata A., Sakai K., Kato R.,
THP-1 Matsuoka a.: Stuides on cytotoxicity and
PTHFVE > PMEA >> PEOEVE >> PMe3A genotoxicity in CHL cells cultured on

MPA polyers., Eurotox 2012 (Stockholm,
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2)

3)

4)

5)

6)

7)

8)

9)

10)

2012.6)
2.

50
2012. 11

2012

2012. 11

Miyajima-Tabata A., Kato R., Sakai
K., Matsuoka A.: Effects of culture
on polymer biomaterials on the
cellular responses to chemicals.

Eurotox 2013 (Interlaken 2013.9)

35
( 2013.11)
35
( 2013.11)
35

2013.11

-82 -

11)

12)

13)

14)

15)

16)

A549
134
2014.3

, NiO

134
2014.3

THP-1
41

2014.7
Miyajima-Tabata A.,
K., Niimi S.

Kato R,
Komoriya Cellular
response of THP-1 cells cultured on the
biomaterials. Eurotox 2014

(Edinburgh, 2014.9)

polymer

29
2014.10
HEMA/MEA
36
( 2014.11)

36



( 2014.11)

17) Miyajima-Tabata A., Kawakami T.,
Komoriya K., Kato R., Niimi, S. Isama K.
Effects of metal oxide nanomaterials on
cytotoxicity and immune response in
THP-1 cells. The 54th Annual Meeting

of the Society of Toxicology (San Diego,
2015.3)
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24—26

Ti hMSC
Ti CaCl:
Ca(OH)2 hMSC Ca(OH)2
CaCl2 Ca(OH)2
hMSC BMP2 Cox2 PTHLH
Smad

noncanonical BMP hMSC Wnt
B -

CaCl2 Ca(OH)2

Ti
2-

PMEA 2- PHEMA
2 hMSC Human acute monocytic
leukemia cell line ; THP-1 PMEA / PHEMA

hMSC
Regulation of the Epithelial-Mesenchymal Transition EMT,;
Pathway PMEA
EMT Pathway THP-1
PMEA PHEMA
PMEA > PHEMA > M25H75 > M75H25, M50H50

PMEA, PHEMA 3 [2-[2-
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] ] PMe3A

-2 PTHFVE
PEOEVE

HUVEC
TIME-GFP

2-

TIME-GFP

HUVEC

TIME-GFP
TIME-GFP

TIME-GFP

Ti

hMSC

3 NaOH

CaCl2 Ca(OH)2

24
Ti

hMSC Ti Ti

hMSC

in vitro

-85 -

hMSC

25

PMEA

PHEMA 2
PMEA

PMEA

Ti



PHEMA

PHEMA

PMEA / PHEMA

hMSC

Human acute monocytic
leukemia cell line ; THP-1

2
26 PMEA
PHEMA 3
[2-[2- ]
] PMe3A
-2
PTHFVE 2-
PEOEVE
PMEA
in vitro

HUVEC

ATCC
human telomerase reverse transcriptase
hTERT

TIME-GFP
in vitro
TIME-GFP HUVEC
PMEA
TIME-GFP HUVEC
TIME-GFP
B.
1.
1) hMSCs
Lonza Mesenchymal Stem Cell

Basal Medium MSCBM Mesenchymal
Cell Growth Supplement MCGS

(MSCGM)
2) Human acute monocytic
leukemiacell line THP-1
RPMI 10% FBS 0.05mM
3) Human

Umbilical Vein Endothelial Cells ; HUVEC
Endothelial Cell Growth
Medium 2 PromoCell

PromocCell
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4) GFP
TIME-GFP ATCC
Medium

Vascular Cell
Basal

pg/mL Blasticidin Life Technologies
200 png/mL G418 Clontech

1) Ti
Ti 33.5mm
Ra=0.4

2) pre-coated

0.075mm 35mm
3) PC
0.1mm 33mm
3. Ti
1) NaOH
Ti
5mol/L
100mL 60
24
2) CaCl2
NaOH Ti
50mL 4
0.1mol/L
100mL 60 24

3) Ca(OH):
NaOH Ti
50mL 4
0.01mol/L
100mL 60 24

Microvascular
Endothelial Cell Growth Kit-VEGF 12.5

1)

PMEA:PHEMA = 100:0 PMEA
75:25 M75H25 , 50:50 M50H50
25:75 M25H75 , 0:100 PHEMA

PMe3A, PTHFVE, PEOEVE 1 w/v%

2)

125uL

[1] 500rpm 5 [2] 2000rpm 10
[3] 4000rpm 5

3) PC
100uL
4000rpm 10
5 Ti
1)
Ti

Scanning electron microscopy SEM

2)

Agilent 7500ce ORS
ICP-MS
Hank’s balanced salt solution Life
Technologies Co. 37 7
Agilent 7500ce
ORS ICP-MS
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6. Ti

hMSC

1)

35 mm IWAKI
3 Ti
Ti
hMSC MSCBM
MCGS MSCGM
2

2)

Ti hMSC 5y

M CellTracker Lonza

McCoy’s medium
37 30
MSCGM 30

PBS() 1

Osteocalcin OCN
hMSC  CellTracker

15
[10% normal donkey serum (Jackson
ImmunoResearch Laboratories), 0.1%
Triton X-100, 0.01% NaNs in PBS]
hMSC
anti-OCN Abcam 4
16 Alexa Fluor
647-conjugated donkey anti-mouse
ImmunoResearch
30

(Jackson

Laboratories

3)
Ti
hMSC

TetraColor ONE

1) hMSC
6 Corning 5

hMSC MSCBM

MCGS MSCGM 24
2) THP-1

6 Corning 5

THP-1
0.06mM
24

RPMI
10% FBS

PC
MPC 6
Lipidure-Coat 6well plate
1 x 104 HUVEC TIME-GFP
1 4
PBS
-EDTA Gibco
800xg 5
100 ul
AO/PI cell viability kit logos
1:9

0.05%

biosystems
Luna-FL™
biosystems

9. Total RNA

logos

RNeasy Mini Kit

QIAGEN total RNA
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10. Real time (RT) -PCR mRNA
total RNA c¢DNA
SuperScript  III  First-Strand
Synthesis System  for  real-time
polymerase chain reactiion RT-PCR;
Life Technologies
Ti hMSC
Osteopontin OPN OCN
GAPDH mRNA
mRNA Search-L.C
PCR

PCR
Light Cycler Fast Start DNA Master
SYBR Green I
Roche Light Cycler (version 4.0)

Roche Diagnostics

11. PCR dPCR mRNA

4 HUVEC TIME-GFP
RNeasy Mini Kit QIAGEN

total RNA ReverTra Ace qPCR
RT Kit TOYOBO
cDNA cDNA

Nitric oxide synthase-3 NOS-3
Thrombomodulin TM dPCR
QuantStudio 3D ; applied biosystems

NOS-3 T™™ PCR

TagMan Gene Expression Assays

Hs01574659_m1, Hs00264901_s1 ;
applied biosystems, cat. No. 431182
GAPDH
PCR
Roche LightCycler (version 4.0)

PCR

mRNA

12. DNA
total RNA
Affymetrix GeneChip Human
Genome U133 Plus 2.0 Array mRNA
GeneSpring
GX 12.5 Agilent Technologies
13.
DNA mRNA
Ingenuity Pathway
Analysis IPA
14.
IPA Fisher’s
Exact Test
SigmaPlot

12.5 Software  Systat Software Inc

One-Way ANOVA
Student-Newman-Keuls test SNK

15.
GFP
C.
1 Ti hMSC
Ti
3



Ti

SEM
Ti
NaOH
CaClz
Ca(OH): CaClz
Ti
Ti Hank’s balanced salt
37 7 3
NaOH
CaClz CaClz
Ca(OH):
3 Ti
1,4,7 hMSC
1
CaCls Ca(OH):
4
NaOH CaClq
hMSC
Ca(OH)Q
Ca(OH):
7 hMSC
NaOH
CaCls Ca(OH):
CaCls Ca(OH):
hMSC Ti

7 OPN
hMSC
NaOH
Ca(OH):
CaCl:

OCN
mRNA
OPN CaCl:
NaOH

OCN
mRNA Ca(OH):
OCN

hMSC 28

Ca(OH):
OCN

Ti hMSC 7
DNA

Ti
mRNA

30
NaOH
IL6R
(interleukin 6 receptor)
ITGB1
(integrin, beta 1)
CaClz Ca(OH):
SPP1 (=OPN) MMP13 (matrix
metallopeptidase 13)
ENPP1
(ectonucleotide pyrophosphatase)

Ca(OH)z

IL6R ITGA2 (integrin, alpha 2)
BMP2 (bone morphogenetic protein 2)

PTHLH (parathyroid hormone-like
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hormone)

CaClz Ca(OH):
hMSC
Ca(OH): Ti
hMSC CaClz
2
94 data not shown
IPA 6
formation of bone
p=3.96 X 10*
SPP1 OPN

PTHLH FGF1 (fibroblast growth factor
1) BMP2, PTGS1 (cyclooxygenase 1)
PTGS2 (cyclooxygenase 2)
Ti
hMSC
Ti

Ti

NaOH

WNT Frizzled

Wnt/p -

APC
mRNA

Axin
adenomatous polyposis coli
Ti NaOH
RANKL
(receptor activator of NF-xB ligand)
OPG

decoy receptor

osteoprotegerin

NaOH 2

Ti CaCl:
Frizzled Axin APC
BMP IGF-1

OPN

CaCle
OPN integrinf3 3
Ti Ca(OH):
Wnt
Frizzled Frizzled
LRP5/6
Ca(OH):

BMP IGF-1

Ti

integrin 3 3
RANKL
Ca(OH):

OCN
Ca(OH): 2

hMSC

PMEA/
PHEMA
hMSC
hMSC 24
PET PMEA
M75H25 M50H50 M25H75
hMSC

PHEMA

hMSC
PHEMA 4
hMSC

PMEA/
PET

PET
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PMEA M75H25 M50H50

Regulation of  the

Epithelial-Mesenchymal Transition
EMT Pathway

EMT  TGFB Notch Wnt Receptor

tyrosine kinases

TGFp

PMEA M75H25 M50H50 M25H75
EMT

EMT
Notch
PMEA EMT
M75H25 M50H50 M25H75
Wnt

EMT

Receptor tyrosine kinases
PMEA
M25H75
FGF Receptor

M75H25 M50H50
EMT
EGF Receptor

EMT

THP-1
PMEA /
PHEMA
THP-1
THP-1

THP-1 THP-1
dish
M75H25
M50H50 M25H75 PHEMA
PMEA
dish
2
1/2
PMEA
PHEMA
M75H25 M50H50 M25H75
PMEA
THP-1
42
PMEA
4
M75H25 THP-1
2
4 M50H50
THP-1
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M25H75 THP-1
3
2 PHEMA
THP-1
11
73 PMEA
THP-1
PHEMA
THP-1
6
2
THP-1
4. HUVEC
PC
HUVEC
PC
MPC
6 PC
HUVEC (Lot No.
311301) 1 PMEA
HUVEC
PHEMA PMEA/PHEMA
PMEA

Dish

PTHFVE PMEA
Dish
PMe3A PEOEVE
1
untreat
PTHFVE
PC MPC 6
4 Dish HUVEC
PMEA
PHEMA
PMEA/PHEMA
PTHFVE PMEA
PMe3A
PEOEVE 1
4
PC
HUVEC
2
PC
HUVEC 4031901.2
PMEA PTHFVE
HUVEC 4061601.1)
PTHFVE PMEA
HUVEC 4031901.2
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1 PMe3A PEOEVE
HUVEC 4061601.1

1

4

PHEAMA PMEA/PHEMA
5. TIME-GFP
hTERT
TIME-GFP
HUVEC
PC
HUVEC
3
PMEA PTHFVE PMe3A
PEOEVE
HUVEC 3
untreat
PHEAMA PMEA/PHEMA
6. HUVEC
TIME-GFP
HUVEC TIME-GFP
NOS-3 ™ 2
PCR Dish
HUVEC TIME-GFP NOS-3
™
Dish NOS-3
™

TIME-GFP

100% 50% PMEA PC
TIME-GFP

PMEA100%
0%

50% PMEA50%

TIME-GFP

TIME-GFP
PTHFVE, PEOEVE, PMEA
pPC 4 TIME-GFP

PMe3A,

Dish

TIME-GFP mRNA

pPC
308

TIME-GFP

pPC

“ development of blood cells” 3

metabolism of triacylglycerol” 10

u

metabolism of triacylglycerol”
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PMe3A

glucose
metabolism disorder” 4
“ differentiation of cells” 8
“ differentiation of cells”
PTHFVE

“ cell movement of epithelial cells”
4

PEOEVE
“ aortic disorder”
3

“ differentiation of epithelial cells”
25

“ aortic disorder”
PMEA

* proliferation of hematopoietic

progenitor cells” 2

“ development of head” 2

proliferation  of hematopoietic

progenitor cells”

D.
1 Ti hMSC
Ti
Ti
Ti
Ti
hMSC
NaOH
Ti
CaClz
Ti
2
CaCls Ca(OH):
CaClz
Ca(OH): hMSC
hMSC
Ti
hMSC
CaCls
Ca(OH):
hMSC Ti
OPN
OCN mRNA
OCN
hMSC OPN



mRNA

CaCls Ca(OH):
Ca(OH): CaClz
OCN
Ca(OH):
OCN
CaCl:
Ti
hMSC
Ca(OH):
CaClz
Ti
hMSC
DNA
Ti
IL6R ITGB1
NaOH
SPP1 OPN MMP13 ENPP1 CaCls
Ca(OH):
Ca(OH):
ITGA2 BMP2 PTHLH
2
CaClz
Ca(OH): CaCl:
Ca(OH):

hMSC BMP2 PTGS2 Cox2 PTHLH
SPP1 OPN
Cox2

Cox2

BMP2

Cox2
BMP2

Cox2 PTH
Ca(OH): hMSC
BMP2 Cox2 PTHLH
Smad Ti
noncanonical BMP
Cox
Smad
noncanonical BMP

Ca(OH):
hMSC

Ti

IPA
NaOH
WNT
Frizzled
Wnt/B -
APC mRNA
RANKL decoy

Axin

receptor oprPG
NaOH 2
CaCle

APC

Frizzled Axin
BMP IGF-1

OPN
integrinf3 3
Ca(OH):
Frizzled
LRP5/6
BMP IGF-1 integrin

Wnt
Frizzled

B3
RANKL  Ca(OH):

OPN OCN
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Wnt f -
Ti
Wnt
Wntba  integrin
integrin
Ti
OPN
integrinf3 3
hMSC Wnt B -
CaCls
Ca(OH):
hMSC
Ca(OH): CaClz
Ti
Ti Ca(OH):
1 CaCl BMP2
Cox2 PTHLH 2 Wnt
B -
hMSC
Ti
hMSC
2
2. hMSC
hMSC

PMEA / PHEMA

hMSC
24
PHEMA100
hMSC
PMEA
25
PMEA, M75H25, M50H50,
M25H75 hMSC
hMSC
hMSC PMEA /
PHEMA 4 PET
hMSC
PET

PMEA, M75H25, M50H50

Regulation of the

Epithelial-Mesenchymal Transition
EMT Pathway

EMT TGF-B , Notch, Wnt,

Receptor tyrosine kinases

TGF- FGF
Receptor EGF Receptor
EMT Pathway
Notch EMT Pathway
PMEA
PMEA

EMT Pathway
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EMT
EMT
hMSC
PMEA /
PHEMA
hMSC
3. THP-1
PMEA /PHEMA
THP-1
THP-1
THP-1
dish
M75H25, M50H50
M25H75 PHEMA PMEA
dish
2
1/2
PMEA
PHEMA

M75H25, M50H50, M25H75

THP-1
PMEA >

PHEMA >
M75H25, M50H50

M25H75 >

PMEA, PHEMA
100%

HUVEC
TIME-GFP

in vitro

HUVEC
TIME-GFP

HUVEC

TIME-GFP HUVEC

3

TIME-GFP

3 Nitric oxide

synthase-3 ; NOS-3

NO

Thrombomodulin ; TM



PCR Dish
TIME-GFP NOS-3 T™ HUVEC
TIME-GFP
HUVEC
Dish NOS-3 TM™M
TIME-GFP
HUVEC
TIME-GFP
HUVEC
TIME-GFP
TIME-GFP
in vitro
TIME-GFP

100% 50% PMEA PC

TIME-GFP 4
PMEA100% 50% PMEA50% 0%
PC PMEA
50%
TIME-GFP
PTHFVE PMEA
TIME-GFP 4
Dish
PTHFVE
PTHFVE
PMEA
2
PMEA
PMe3A PEOEVE
TIME-GFP 1
PTHFVE PMEA 4
PMe3A
12 TIME-GFP
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PEOEVE
28
TIME-GFP

PEOEVE

TIME-GFP

TIME-GFP

TIME-GFP

PTHFVE

hMSC

Ti NaOH
CaCls Ca(OH):
Ti
hMSC

CaClz
Ca(OH):
hMSC

OPN OCN

Ti
hMSC
Ca(OH):
CaCl

Ca(OH): hMSC
BMP2 Cox2 PTHLH

Smad
noncanonical BMP
hMSC Wnt
B -
CaCls Ca(OH).

2. hMSC

hMSC

PMEA / PHEMA

Regulation of the
Epithelial-Mesenchymal Transition

EMT Pathway
TGF-B , FGF
Receptor EGF Receptor
EMT Pathway
Notch EMT Pathway
PMEA

3. THP-1

THP-1

PMEA

PHEMA
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M75H25,
M50H50, M25H75
PMEA >
PHEMA > M25H75 >
M75H25, M50H50
4. —
HUVEC
TIME-GFP
in vitro
HUVEC
TIME-GFP
TIME-GFP
HUVEC
TIME-GFP
TIME-GFP
TIME-GFP
TIME-GFP

TIME-GFP

PTHFVE

F.

1.
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PMEA

24

25

26

24-26 3

PMEA Poly(2-methoxyethyl acrylate)

DSC

24 NMR PMEA

PMEA

Adsorption Locator
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24

6Wt% PMEA PMEA PMEA
1.2g/cm® 50 30 3
60 300K

200ps trajectory

PMEA Adsorption Locator
Accelrys 50 PMEA 1 20
A (B
C 3

NMR PMEA
(1) 1H-NMR (2) 13C-NMR / }DEPT45 (3) 1H-13C JHETCOR  (4) 1H-13C

JHETCOR (5) 13C-CPMAS  (6) CP-HETCOR  (7) CP-HETCOR
(8) NOESY PMEA
25 NMR PMEA

isotactic  syndiotactic

PMEA
0 PMEA 100 Cell
1.22g/cm® 1 2306 Forcite Plus
Annealing 300K 500K 5 Dynamics
Dynamics NVT 50,000 50ps NVE 100,000 100ps
Materials Studio Pipeline Pilot
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MaterialsScript APl Perl

1
26 25
PMEA
isotactic Conformer
50
3 ]
COMPASSII 298K

Nose-Hoover-Langevin  NHL  Electrostatics terms  Particle-Particle and

ParticleeMesh PPPM  van der Waalsterms  Ewald 0.25[psec] 1

50[psec]

24

PHEA PBA PMEMA PHEMA PEA PMEA PPEA

PHEA PBA PMEA PHEMA PEA PPEA PMEA

PMEA PMEMA
DSC PMEA
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PMEA  PMEMA

PMEA  PMEMA

PMEA

25 MEA

isotactic syndiotactic

Cell
6.7x10° [cm%g syndiotactic  6.8x10° [cm?/s]

100ps
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26

NMR
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CacCl: Ca(OH)2 NaOH
Ca(OH):

Ca(OH):2
Ca(OH):

CacCl:

MS
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99.9%
0.005% Fe 0.02%

mmx5 mmX1 mm

2
(1) NaOH

mol/L
3.5 mL

(2) CaClz

Wnt
Al 0.003% Cr
Ni 0.003% 5
5
60°C 24
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NaOH

0.1 mol/LL
3.5 mL 60°C 24
(3) Ca(OH)2
NaOH
0.01 mol/LL
3.5 mL 60°C 24
3
37°C
7 mL
37°C 15
30
4 ICP-MS
10% 37°C 2
2
5%
ICP-MS
5 SEM
JFC-1500
20
nm
JSM-5800LV
15 kV
6 X XPS
ESCA-3200
XPS



XI Spectral Data

Processor v4.3 XPS International, LLC Ca(OH):
O 1s 2
C 1s 285.0 eV
O 1s XPS
C Ca(OH):
1 O 1s
O 1s Ca(OH):
1 CaClz 0
Ca(OH): 1s
530.1 eV 531.7 eV
Ca(OH): 2 2
CaCle 2.75 530.1 eV

46% 531.7eV  54%

2 4
XPS
NaOH
CaClz Ca(OH): NaOH XPS
CaCle
3 XPS
XPS 2
XPS Ca(OH): XPS
2a NaOH
XPS D
2b CaClz
Ca(OH): XPS
2¢,d NaOH
O 1s
NaOH CaClz O 1s
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NaOH
Ca(OH):
NaOH CaClz
Ca(OH):
NaOH CaCle
Ca(OH):
NaOH
NaOH
XPS NaOH
2b  CaClz
Ca(OH):
2¢, d
O 1s XPS NaOH
O 1s CaClz
O 1s NaOH
Ca(OH):
O 1s
O 1s
Ca(OH):

0O 1s

2
Ca(OH):
CaClz NaOH
15
30
CaClz
NaOH
Ca(OH):
Ca(OH):
Ca(OH):
15 30
Ca(OH)2
E
CaCls Ca(OH):
NaOH
Ca(OH):
CaClz
Ca(OH):
Ca(OH)2
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poly(2-

hydroxyethyl methacrylate) PHEMA poly(2-methoxyethyl acrylate)
PMEA HEMA/MEA PHM7525
PHM5050 PHM2575

PET PBT 6 PAG6

66 PA66 QCM

QCM
PET PBT PAG6 PA66
PHEMA PMEA HEMA/MEA
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Quartz Crystal
Microbalance; QCM
QCM

QCM

poly(2-hydroxyethyl
methacrylate) PHEMA poly(2-
methoxyethyl acrylate) PMEA
HEMA/MEA
HEMA/MEA=75/25 PHM7525 50/50

PHM5050 25/75 PHM2575
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PET

PBT 6 PAG6 66
PAG6
Sigma-
Aldrich Co. LLC
Sigma-Aldrich Co. LLC
2 QCM
PHEMA PMEA HEMA/MEA
QCM
10 mg/mL 20
uL 500 rpm 5 sec
Step 1 2000 rpm 120 sec Step 2
PET PBT PA6 PA66
5
mg/mL 1,1,1,3,3,3- -2-
HFIP 5 uL
HFIP
QCM
3

QCM



AFFINIX QNp

PBS 490 pL
37°C 600 rpm
QCM
PBS
400 800 1600
3200 pug/mL PBS 8 16 32

64 pg/mL
50 100 200 400 pg/mL PBS
1 2 4 8 ug/mL
12.5 25 50 100 pg/mL PBS

0.25 0.5 1 2 pg/mL 10 pL
1 sec
4
QCM
AQUA Version 2.0
kobs
1
kon
Kot 2
3
Ka
Ka
Kobs = Koft + kon [GueSt] ----------- (1)
k
Ka= 20 ---ssmmcemocemoocnoceoooene (2)
: Kot

Ka = e (3)
C
1
QCM
QCM
10 mg/mL
PHEMA PMEA
29.249.5
3.19+0.90 ng/cm? n=4
HFIP 5 mg/mL

PET PBT PA6

11.5+0.7 16.2+1.0

7.72+0.47
18.4+0.7 pglem?

n=3
2
QCM
1
kon
Kot
3 Ka
Ka 1 4
PET
PBT PA6 PAG6
PHEMA PMEA HEMA/MEA
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EU 2014
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Adsorption of albumin

Polymer Ka Ka Kon Kott

M1 M M1 gec? sec!
PHEMA 1.28E+06 7.84E-07 1.50E+03 1.18E-03
PHM7525 1.31E+06 7.64E-07 1.51E+03 1.15E-03
PHM5050 1.26E+06 7.93E-07 1.49E+03 1.18E-03
PHM2575 1.30E+06 7.68E-07 1.52E+03 1.17E-03
PMEA 1.33E+06 7.54E-07 1.51E+03 1.14E-03
PET 1.21E+08 8.27E-09 4.80E+04 3.97E-04
PBT 1.30E+08 7.69E-09 3.21E+04 2.47E-04
PA6 4.24E+07 2.36E-08 1.47E+04 3.47E-04
PA66 2.94E+07 3.40E-08 1.41E+04 4.79E-04

2
Adsorption of fibrinogen

Polymer Ka Ka Kon Ko

Mt M M1 sec? sec!
PHEMA 2.49E+07 4.01E-08 2.37E+04 9.49E-04
PHM7525 2.23E+07 4.48E-08 2.26E+04 1.01E-03
PHM5050 2.20E+07 4.54E-08 2.29E+04 1.04E-03
PHM2575 2.01E+07 4.97E-08 2.18E+04 1.08E-03
PMEA 1.24E+07 8.05E-08 1.85E+04 1.49E-03
PET 1.75E+09 5.70E-10 2.84E+05 1.62E-04
PBT 1.46E+09 6.87E-10 2.62E+05 1.80E-04
PA6 5.25E+08 1.91E-09 9.71E+04 1.85E-04
PA66 5.48E+08 1.82E-09 8.39E+04 1.53E-04
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Adsorption of fibronectin

Polymer Ka Ka Kon Kott

M1 M M1 gec? sec!
PHEMA 6.02E+06 1.66E-07 1.78E+04 2.96E-03
PHM7525 5.71E+06 1.75E-07 1.74E+04 3.05E-03
PHM5050 5.23E+06 1.91E-07 1.60E+04 3.07E-03
PHM2575 5.34E+06 1.87E-07 1.65E+04 3.09E-03
PMEA 5.03E+06 1.99E-07 1.56E+04 3.09E-03
PET 8.52E+08 1.17E-09 2.96E+05 3.47E-04
PBT 1.13E+09 8.83E-10 3.46E+05 3.06E-04
PA6 4.75E+09 2.11E-10 2.17E+05 4.57E-05
PA66 2.91E+09 3.43E-10 1.74E+05 5.97E-05

Adsorption of vitronectin

Polymer Ka Ka Kon Ko

Mt M M1 sec? sec!
PHEMA 2.42E+07 4.13E-08 2.27E+04 9.37E-04
PHM7525 2.46E+07 4.06E-08 2.00E+04 8.12E-04
PHM5050 2.53E+07 3.96E-08 2.11E+04 8.35E-04
PHM2575 2.62E+07 3.82E-08 2.07E+04 7.91E-04
PMEA 2.59E+07 3.86E-08 2.01E+04 7.75E-04
PET 4.10E+10 2.44E-11 1.25E+06 3.05E-05
PBT 4.71E+10 2.12E-11 1.49E+06 3.16E-05
PA6 2.07E+10 4.84E-11 9.21E+05 4.46E-05
PA66 1.77E+10 5.66E-11 9.14E+05 5.18E-05
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20 pum)
( ) (ATRP)
( ATRP (SI-ATRP)

2-methacryloyloxyethyl
phosphoryicholine (MPC) (

) N-methacryloyloxyethyl N,N-
dimethyl ammonium-a-N-methyl
carboxylate (CBMA) (

) [2-(methacryloyloxy) ethyl]
dimethyl-(3-sulfopropyl) ammonium
hydroxide (SBMA) ( )

2-hydroxyethyl methacrylate (HEMA) (

) oligo(ethylene glycol)
methyl ether methacrylate (MOEGMA)
( )

2-trimethylammoniumethyl
methacrylate (TMAEMA) (
)
3-sulfopropyl methacrylate (SPMA)
(AFM) ( )
n-butyl methacrylate (BMA) (

X (XPS)
(AFM)
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(10 mmol/L  NaCl )

2.
( 2 10 pum)

NMR

3500 rpm 10

NMR NMR
37°C
(T1)

(D)

3.

1
poly(MPC) poly(TMAEMA) poly(SPMA)

poly(BMA)
20 um
4.
(QCM-D)
QCM-D
(PBS
pH 7.4)

45 mg/mL

(BSA) PBS 30
PBS
(ng/cm?) = 17.7 x (Hz)
5.
3
20 pm
3.0 nm
27 nm
11-mercapto-undecanoic acid
11-amino-1- undecanethiol
(hydrochloride) 1-dodecanethiol
(1.0 mmol/L)
(SAM)
PBS
6.
(BSA)
(Lys)
(
50 nm) PBS
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XPS

2.
2 5.0 nm
RMS
1.0 nm 1 poly(TMAEMA)
poly(SPMA)
0.10 chains/mm?
30% poly(HEMA)
1 5.0 nm poly(HEMA)
Poly(BMA)
poly(HMEA)
poly(TMAEMA) 40 mV poly(mOEGMA)
poly(SPMA)
-10 mV
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poly(BMA)

50 200
5 20 nm
10 pm 4
800 nm
poly(TMAEMA)
poly(SPMA)
poly(BMA)
3500 ms T1
T1 poly(MPC)
3.
3
PBS (1.5 mmol/L 150 mmol/L)
4.

poly(BMA) 5 BSA

poly(TMAEMA) 20 40 ng/cm?
poly(SPMA) poly(HEMA)

100 nm 80 ng/cm?
poly(mOEGMA)
20 ng/cm?
BSA 270
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ng/cm?

Lys
BSA poly(BMA)
poly(SPMA)
poly(SPMA)
290 ng/cm?2 PBS
poly(TMAEMA)
1200 ng/cm?
BSA poly(MPC)
BSA
8
5.
6
7
8
BSA
Lys 7
BSA
poly(TMAEMA) 6
poly(TMAEMA)
BSA
poly(SPMA)

BSA
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(9
(COOH)

(NHs) (CHs)

poly(MPC)

poly(MPC)

poly(TMAEMA)

poly(TMAEMA)

(CO0)

poly(BMA)

poly(BMA)
(NHs*)

poly(SPMA)

PBS

poly(SPMA)

poly(SPMA)
PBS

10

10

(CO0)
poly(TMAEMA)
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(NHs+)

BSA

poly(BMA)
Lys

Kazuomi Inoue, Yuuki Inoue, Kazuhiko
Ishihara, "Effects of dynamics of water
molecules at hydrophilic polymer brush
surfaces on protein adsorption behavior",
Trans. Mater. Res. Soc. Jpn. 37(3)
333-336 (2012).
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F 1R — 3 FO#EIE SR

Polymer Graft density Surface DCA (%) C-potential
(chalns/nm?) coverage 6, 6. 6. (mV)
Poly|MPC) 0.26 9% 21 17 4 -3.6
Poly(CBMA) 0.67 74% 22 16 6 -1.8
Poly[SBMA) 0.48 69% 23 17 6 7.8
Poly(HEMA) 0.79 59% 65 24 41 -4.4
Poly(mOEGMA) 0.36 65% 50 37 13 -3.5
Poly(TMAEMA) 0.31 ¥ 62 19 43 45
Poly[SPMA) 0.47 70% 30 28 2 74
Poly[BMA) 0.75 62% 90 70 20 -37
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Fig.2
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